.A molecular beam composed predominantly of benzene monomer, dimer, and trimer is excited with tunable, pulsed, infra-red radiation in the C-H stretch frequency range (3000-3100 cm-1 ). Two types of experiments are performed for the observation of the vibrational predissociation of the excited cluster, measuring directly the wavelength dependence of the predissociation yield and the translational energy distribution of the predissociation products. The wavelength dependence of the vibrational predissociation is found to be similar to the infra-red spectra of room temperature liquid benzene. The translational energy distributions of the predissociation products are used to deduce dynamical properties for the following predissociation mechanism a.
Waterloo group has studied co 2 clusters using an F-center laser for excitation (4) . Levy and coworkers have performed many experiments on -4- . ,the vibrational predissociation of rare gas-iodine clusters in an excited electronic state (5) . The predissociation was observed in the dispersed fluorescence spectrum of the I 2 fragment produced by the predissociation. Limits to the lifetimes could be determined from the absorption linewidths or. by using competing I 2 electronic predissociation or fluorescence ra.tes as an internal clock. From these results, a detailed picture of the propensity rules in vibrational predissociation has been obtained. In addition to earlier work in our laboratory on (NH 3 ) 2 (6)~ Reuss (7), Gentry (8) ,nd Janda {9) and their coworkers have observed _vibrational predissociation of various clusters with CW or pul_~ed C0 2 lasers and.mass spectrometer detectors.· In particular, Janda was able to argue convincingly from the observed linewidths and signal strengths that the predissociation was occurring on a timescale of 0.3 -1.0 picoseconds for ethylene complexes. In a recent study of hydrogen bonded water clusters using a crossed laser-molecular beam apparatus and an optical parametric oscillator (10) , it was demonstrated that vibrational excitation in the wavelength range 3000-3800 cm-1 , mainly associat,ed with the 0-H stretching motion, results in cluster predissociation. Furthermore, it was shown that t~e wavelength dependence of the predissociation signal is proportional to the photon absorption cross sec~ion. The variation of the spectra with cluster size gave valuable information on the hydrogen bond in water. Information on the internal energy distribution of the predissociation fragments and an upper bound for the predissociation time scale were also obtained. Benzene is a natural choice due to its widespread use in simulations of liquid behavior (12, 13, 14) and the existence of a large body of spectroscopic data in different phases (15, 16, 17 predicted that the local structure in the room temperature liquid should be similar to the solid with a preferred T-shaped nearest neighbor geometry.
In a molecular beam electric resonance study, Janda et al. (18) have shown that benzene dimer is polar, strongly suggesting that the gas phase dimer is also T-shaped. The similar near neighbor geometry in the dimer and condensed phases is the basis for assuming that a simple model for some condensed phase properties might be found in the small, gas phase clusters. , ... respect to the detector-molecular beam plane had no effect on the signals.
The coaxial arrangement directly measures the depletion of the clusters and is not sensitive to the translational energy distribution.
As such, it is free from any assumptions regarding the shape of the laboratory photofragment distributions, and is limited only by the upper bound on the lifetime given by the 65 em flight path. It is to be pointed out, that in the colinear experiment, the signal is proportional to the number of polymers dissociating within 1 millisecond after excitation while in the perpendicular beam experiment only the fragments formed during the first 2 microseconds after the laser pulse may be detected. Both spectra being identical, we can assume that T < 2 microseconds for all wavelengths measured, and that the assumptions concerning the shape of the laboratory distributions in the perpendicular arrangement are valid. In a molecular beam study on the polarity of benzene polymers (18), it was concluded that only 1/10 of the benzene dimers were ionized to the parent mass peak. With this known proclivity for fragmentation of the neutral c-lusters by electron bombardment other evidence is necessary to show that the mass 78 off-axis signal is indeed that of the monomer photofragment from predissociation dimers, and not the ionization by-product of dimer photofragments originating from the predissociation of trimer and larger clusters. To verify these mass assignments, the coaxial laser-molecular beam configuration is used. all the excess energy were placed in the dimer fragment, it would be far in excess of the dimer bond energy and the dimer would be expected to predissociate before reaching the ionizer. The observation of dimer product then places a lower limit of 1550 cm-1 to the internal energy in the monomer. The rate of energy migration among the three benzene molecules in the trimer is then slower than the predissociation rate for this unequal energy distribution to be observed. Likewise, the photon excitation is to a particular monomer and that is the monomer which is vibrationally excited in the predissociation products, implying that the benzene monomers are located at distinguishable sites in the trimer. If this were not true, the zeroth order vibrational wavefunction would be delocalized over the three monomers.
One can tentatively generalize this conclusion to the case of dimers; we expect the dissociation to yield one "vibrationally hot" and one vibrationally cold molecule. This is consistent with the postulated T-shaped dimer structure where the two molecules are not equivalent.
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Quadrupole mass spectrometer~ 9 measures the angle of rotation of the detector from the molecular beam. XBL 816-9995
